This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not Hmited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK.OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



04-Feb-13 09:49afli Proio-KtRBY EADES GALE BAKER 



^16132370045 



W94 P. 038/065 F-051 



CLAIMS: 



1 . A method of estimating 

a) determining a 
and fifcquency pairs from a se 
wave; 



a speed of a motor comprisin 5: 
orrelation between a current w^ve 
of weighted frequcacy pairs 



b) fitting compor ents 



pa rs 



10 



of the 



15 



number of first orthogonal 
pairs being orthogonal to the 

c) fitting each 
the first orthogonal pairs; 

d) identifying th(i 
squared error between the cu 
satisfies a criteria; and 

e) comparing de 
a motor speed hannonic 



of a motor control signal 
in a set of weighted 01 
[rcquency pairs; 

frequency pairs as the 



frequency pairs that provide 
Tcnt wave and the set of wei] 



ircd frequencies from the iden 
model to determine an estimation 



20 



2. The method accordirjg 
comprises: 

calculating a zero-fil 
frequency pairs, wherein the 
the zero-rdled fast fouricr 



25 



30 



3. The method 
motor control signal 

determining the 
values of the components; 

deteraiintng the 
corresponding to the first 
we 



compri ses 



4, The method 
motor control signal compiSscs; 



n present 



a corresponding 
irthogo jial pairs, die orthogonal 



to claim 1 wherein the step o 



ed fest fouricr transform 
frequency pairs correspond to 
tr^sform. 



sensed at the motor 
itmg the current 



orth( gonal pair subsequent to 



a reduction in the mean 
igh ed orthogonal pairs diat 



ilied frequency pairs with 
ctthe speed. 



determining a correlation 



of the! current wave using the 
[requency Index bins of 



according to claim 1 whensinihe step cf fitting components of die 



ortl ogonal weights of the first orthogonal pairs based on die 

tad 
frecueocy ^ 



weights of pairs m the 
oJthogonal pairs based on the 



s4t of frequency pairs 
dedermined orthogonal 



accord ng to clann 1 wherein the stop )f fitting components of the 



23 
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dciermining if a prcvicjus 
fitting a drive frequency component 
of the orthogonal pairs; and 

fitting a supplcmentalfcrBqucncy component of the mj)tor 
5 second pair of the orthogonal [puis 



10 



15 



5. The method accordinj 
motor speed is classified as l4w 
classifying the previoji! 
rated base motor speed. 



20 7. The method accordi4g 
detcimining a mean 
current wave; 

determining reduciicjns 
and the current wave based 
25 subsequent orthogonal pair; 
determining the 
criteria. 



threshold. 



low; 



motor speed is classified as 

of the motor cont rol signal as a first pair 



t of the 
; if the previous motor 



spe< d 



to claim 4 wherein the step offdetennining If a previous 
comprises: 

is motor speed as low if the mcjtor speed is less than 2% 



to claim 1 wherein the step ol fitting each of the 



6. The method according 
frtquency pairs comprises: 

determining the orth(jgonai weight of the subsequent orthogonal 
of the frequency pairs based 

determining the freqiiency 
pairs conpesponding to the si 
of tiie subsequent orthogona 



WClj 

an the value of each of the 
weight of a pair in the 
bsequent pair based cm the 
pair for each of the fiequency bairs 



pair for each 
freqbency pairs; and 
sct|of weighted frequency 

orthogonal weight 



det( rmined < 



to claim 1 wherein the step o 



identifying comprises: 
squared error between the first |>rthogonal pah-s and the 



in the mean squared cnror 
>n the addition of each of the 
and 

fipequcncy pairs that produce a 



8. The method accordipg to claim 7 wherein the step <pf d«crmining Ae 
30 frequency pairs comprises: 



deteimining the free uency pairs that produce a redi ction greater than a 



24 



control signal as a 
is classified as low. 



bdtween the orfliogonal pairs 
fi squency pairs as the 



redv ::tion diat satisfies the 
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9, The method i 
frequency pair$ comprises: 

detenninmgihei 
the highest reduction. 



according to claim 8 wherein the step of i clcnnimng the 



ficqiM ncy pairs tihat produce a reduct on within a threshold of 



10, The method according 
repeating steps (b) to 



1 1 . The method accordinj ; 
10 repeating steps (b) to 

the set of weighted frequency 



12. The method according 
repeating steps 
15 wave and the set of we)ghte( 



xo claim 1 0 further comprisin i: 
(b) to (d) until the mean squared erro - 
onliogonal pairs is below a de 



1 3. The method accordix g 
repeating steps (b) to 



20 14, The method accordi 
removing frequcncit|5 
control signal from the 



16. Hie method 
30 the motor control signal 
calculating wei] 



to claim 1 further comprising: 
d) until a performance criteria 



s satisfied. 



to claim 10 further comprisin j 
d) until a determined number 
pairs have been fit to the onhcjgonal 



((f the frequency pairs in 
pairs. 



to claim 10 funher comprisitfi 
(d) until the reduction is less 



tt an a threshold. 



diig 



to claim I wherein the step o F comparing 
that arc barmonics of the com ponents 
identified frequency pairs to form ti 



15. The method accordi ig to claim 1 wherein flie step cjf fitting components of the 
25 motor control signal compr ses; 
determining the firs ( 
using the components of th^ : i 



orthogonal pairs based on an c|rthogonaIization algoiithm 
motor control signal. 



accoixilig to claim I S wherein the $te( 
fiuther comprises: 
ights of the first orthogonal pairs. 



between the current 
ermined threshold. 



comprises: 
of the motor 
e desired frequencies. 



of fitting components of 



25 
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17, The method according^ 
comprises the Gram-Schmidt 



:o claim IS vrheiein the oi 
algorithm or the modified 



18. The method 
5 jfrequency pairs comprises 

detenninhig the subsc^ent 
using the components of the 



according to claim 1 wherein the step of 



pair based on an { 
iliotor control signal. 



19. The method accordinj 
10 frequency pairs further comp 
CdJcuiac'mg a weight 



to claim 18 wherein the step ojF fitting each of the 
ises: 

fLr the subsequent pair for each hf the frequency pairs 



20. The method accordin i 
comprises the Oram-Schmid 



15 



20 



25 



30 



21. A method of estimati fig 
mow, the method comprisii g; 

deteimining a correls tion 
frequency pairs from a set o 

fittmg components 
onhogonal pairs in a set 
orthogonal to the frequency 

fitting each of the 
orthogonal pairs; 

determining a 
eiTor between the current 
a mean squared enor 

determining the 
frequency pairs; 

removing unwantec 
pairs; and 



wwei 



r between 



inhogbnalization algorithm 
Granl-Schmidt algorithm. 



ittingcachofthe 



orthogor alizatlon algorithm 



to clahn 18 wherein the ortho^onalization algorithm 
algorithm or the modified i 



Gra n-Schmidt algorithm 



a speed of a motor using a c irrent wave sensed at the 



epr ^senting i 



i coi rei 



between a current wave ! 
weighted frequency pairs re 
a motor control signal to a < 
of \|/eighted orthogonal pairs, the « 
pairs; 

fri quency pairs as the orthogonal pair subsequent to tlie first 



reduction for each of the 

and the set of weighted 
^e current wave and the 
rediicuons diat satisfy a criteria an( 



fmt 



frequencies from the detennin id corresponding frequency 



seised i 



at the motor and 
the current wave; 
spending number of first 
(Irthogonal pairs being 



frequency pbirs m a mean squared 

or4()Sonal pairs according to 
orthogonal pairs; 
the corresponding 



26 
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iO 



IS 



20 



25 



comparing the 
frequency pairs with a motor 
speed. 



remainfig frequencies from the 
peed hannonic model to 



30 



determining a 

fest fourier transform of the { urrent wave using the 
rcquency pairs correspond to fi equency index bins of 



22. The method according to claim 21 wherein tiie step o 
correlation comprises: 

calculating a 2ero-fill([d 
frequency pairs, wherein the 
the zero-filled fast fourier transform 



com >nses: 



23. The method according 
the motor control signal 

deteixnlning the 
of the components; and 

determining the 
corresponding to the first oi 
weights; and 

wherein the step of fitting 
determining the 

of the frequency pairs based 
determining the 

pairs corresponding to the sAi 

of the subsequent orthogona 



detern(ned corresponding 
deteitkine an estimate for the 



to claim 21 wherein ttic step < f fitting components of 



orthc gonal weights of die first ortho 



fieqi ency weights of pair 



irsintiie 

irthogonal pairs based on the 



sel of frequency pairs 
determined oitfaogonal 



ea:h 



of the frequency pairs comp ises 
orthdgona! weight of the subscquen 

on the value of each of the free uency 
fteq|iency weight of a pair in the se 
bsequent pair based on the 
pair for each of die frequency 



orthogonal pair for each 

pairs; and 
of weighted fii:quency 
detlrmined orthogonal weight 
pairs. 



24. The method accordii ig to claim 21 wherein the step 
the motor control signal corpprises; 

determining if a pre^ 

fitting a drive frequdncy component 
of the (Mthogonal pairs; and 

fitting a supplement il frequency component of the 
second pair of the orfhogon il pairs if the previous motor s||eed 



ions motor speed is classified i s low; 

of die motor C( ntrol signal as a first pair 

notor control signal as a 
is classified as low. 



25. The method accordi tig to claim 2 1 whwcin the stef of identifying comprises 



;onal based on the values 



of fitting componems of 



27 
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10 



IS 



20 



25 



dfiterminingainean 
current wave; and 

deteimining reduction: 
and the current wave based or 
subsequent orthogonal pair, 



sq lared error between the first or hogonal pairs and the 



30 



in the mean squared error 
the addition of each of the 



betv|reen the orthogonal pairs 
fiecjuency pairs as the 



26. A method of estiraatin g a motor speed comprising: 

determining a correlat on between a current wave senjscd at the motor and 

veighted frequency pairs reprc: enting the current wave; 
fitting components of a motor control signal to a corr s 
orthogonal pairs in a set of w lighted orthogonal pairs, the or hogonal pairs being 
orthogonal to the frequency j airs; 

comparing a subhaim >nic from the current wave witl a harmonics speed 
model to identify regions in y /hich to locate a corresponding harmonic, die 
subharmonic having a fi^que ncy less than a motor control si jnal; 

identifying a harmon cs pair of frequencies in the rej Ions having a separation 
from each other of no greaiei than a smallest harmonic of th 5 motor control signal, 
wherein one of ihe fi«quencips is the harmonics pair of the <jorresponding harmonic; 
and 

comparing the harmc nics pair with the harmonics sed model to determine 
an estimate for the speed. 



27. The method accordiijg to claim 26 wherein the step 
correlation comprises: 

calculating a zero-fi: 
frequency pairs, wherein ih< 
the zero-filled fast fourier tr msform 



if determining a 



cd fast fourier transform of the 
frequency pairs correspond to 



28. The method according to claim 26 wherein the stepjof fitting components of 
the motor control signal coTtiprises: 

determining the orct :>goTial weights of die first orthj)gonal pairs based on the 
values of the components; s nd 



current wave using the 
requency index bins of 



28 
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deteitniningthe 
coiTCsponding to the first 
weights. 



^firequency pairs 

orthcleonal pairs based on the detera ined orthogonal 



frequei cy 



10 



29. The method according 

the motor control signal compfises: 
determining If a picvio js 
fitting a drive frequenc y 

of the orthogonal pairs; and 
fitting a supplemental 

second pair of the orthogonal 



\o claim 26 wherein the step of fitting components of 



15 



30. The method according 
suMiannonic comprises: 

searching die current 
of the motor control signal 



20 



r weights of pairs in the set o 
I on the 



motor speed is classified as 
component of the motor 



requency component of the 
>airs if the previous motor 



to claim 26 wherein the step o: 



ow; 

contt-ol signal as a first pair 



mdtor control signal as a 
spcdd is classified as low. 



) vave for subharmonics betweei 

real-time fast orthogonal se irching. 



us ng 



31, The method according to claim 26 wherein the step of identifying a pair of 
frequencies comprises 

searching for haimon c frequencies of the subhannoi|ic5 in the regions using 
real-time fast orthogonal seai ching; 

detennining the harm )nics pairs from frequencies in 



separation from each other o: ' no greater than a smallest 
signal. 



25 



32. The method accordin ; to claim 26 wherein the step 

selecting the harmon cs pairs having the greatest 
the motor control signal; an( 

comparing the selecti ^d pairs widi the motor speei I 
30 detennine an estimate for thi! speed. 



the regions that have a 
han ionic of the motor control 



33. A system for cstimat ng a motor speed comprising: 



comparing a 



OHz and the frequency 



i f comparing comprises: 
distance from harmonics of 



b unmonic model to 



29 
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10 



15 



a correlation mechanisfi 
sensed at the motor and 
representing ihe current wave; 

a fitting mechanism fo 
corresponding number of first 
and fitting each of the frequen 
orthogonal pairs, the orthogonpl 

an mse reduction mec 
error between the current wav^ 

a pair comparison me< 
reduction that satisfies a criteria; 

a speed estimation 
identified frequency pairs 
estimation of the speed; and 

a controller in 
mechanism, the mse icductiofi 
coordinating the process 



20 



25 



for determining a correlation 
fitjquehcy pairs from a set of weighte 1 



fitting components of a motor 
orthogonal pairs in a set of wei 
iy pairs as the onhogonal pair 
pairs being orthogonal to the 
anism for determining a redudjon 
and the set of weighted ortho, 
hanism for identifying the freq 



i wit) 



34. 



The system accordin] 
an mse mechanism fc 
wave and the orthogonal paii s. 



35 



The system accordin ; 
a harmonics lecognil ion 
harmonics of the componenip 
frequency pairs to form the 



36. 



between a current wave 
firequency pairs 



mechanism for comparing desired 
a motor speed harmonic 



conrunifnication witfi the correlation m 
mechanism and die speed 
of estimating the motor speed. 



to claim 33 finther comprisini ; 
r deteimining a mean squared 



control signal to at 
'htcd orthogonal pairs 
ubsequcnt to the first 
frequency pairs; 

in the mean squared 
;onal pairs; 
lency pairs having a 



frequencies from the 
mod A to determine on 



chanism, the fitting 
cstftnation mechanism for 



( rror between the current 



to claim 33 further comprisinj 

mechanism for removing fr jquencies that are 
of the motor control signal fnfm the identified 
lesired frequencies. 



30 



The system accordin { to claim 33 wherein the fittin 
an orthogonal weigfi [s mechanism for deteimining 
an orthogonal pair from the set of weighted orthogonal paii|5 
of the frequency pairs; and 



I mechanism comprises: 
ttie orthogonal weight for 
based on the value of one 



30 
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10 



15 



20 



25 



a frequency wei^ts 
frequency pair from the set 
QTthogonal weight. 



37. 



] lechaTiism for 
c Fweighted frequency pairs 



detemiining the frequency weight for a 
basrd on the concsponding 



The system accordin [ to claim 33 further comprisinj 
a CDF analysis mecV anism for determining if a prev lous motor speed is 
classified as low and providi ig a supplement frequency con iponent of the motor 
control signal to the fitting n lechanism to be fit as a second 
pairs if the previous motor s >eed is classified as low. 



38 



30 mechanism, the mse reduct 



pair of the orthogonal 



subhaimonic from the 



A system for estimal ing a motor speed comprising: 

a correlation mechai ism for determining a correlation between a cunent wave 
sensed at the motor and fi«c iiency pairs from a set of weigtjted frequency pairs 
representing the current wai e; 

for fitting components of a motbr control signal to a 
corresponding number of fii st oidiogonal pairs in a set of eighted (»rthogonal pairs, 
the orthogonal pairs bemg o rtbogonal to the frequency pair v. 

a region determinati m mechanism for comparing a 
current wave with a harmor ics speed model to identify twc regions in which to locate 
a corresponding harmonic, i he subharmonic having a frequency less than a motor 
control signal; 

a corresponding freduencies mechanism for identifying a harmonics pair of 
frequencies in the two regie ns having a separation from eai h other no greater than a 
smallest harmonic of the mi >tor control signal, wherein one| 1 
harmonics pair is the coircs [)onding harmonic; 

a ^eed estimation r lechanism for comparing desirid frequencies from the 
identified harmonics pairs \ /ith a harmonics speed model t > determine an estimation 
of the speed; and 

a controller in comiliunication with the correlation 



nechanism, the fitting 
on mechanism and ihe speed e timation mechanism for 



coOTdinating the process of estimating the motor speed. 



39. The system accordi ig to claim 38 wherein the fittii g mechanism comprises; 



f the frequencies in the 



31 
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20 



ighti 



an orthogonal w i] 
an orAogonal pair from die 
of the fitequency pairs; and 

a frequency weights 
5 fipequency pair from the $et 
orthogonal weight. 



tie 



mechanism for determming 
jet of weighted ordi gonalpain 

I nechanism for determining the 
c f weighted frequency pairs 



40. The system according 
a CDF analysis 
10 classified as low and 

control signal to the fitting 
pairs if the previous motor 



to claim 38 further comprisin|: 
mecHanism for determining if a pre>lious 
providbg a supplement frequency cor iponent 
r lechanism to be fit as a second |pa 
s }eed is classified as low. 



41 . Hie ^stem accordirjg 
IS a subharmonics 

between OHz and the 



to claim 38 fiiither comprisU >: 
mechanism for searching the curra t wave for subharmonics 
fiequc ncy of the motor control signal 



42. The system aocordii 
a harmonics i 



43 . A computer readabl j 
instructions for estimating f 

a) determining p 
and frequency pairs from a 

25 wave; 

b) fitting comp[>nents 
number of first orthogonal 
pairs being orthogonal to 

c) fitting each 
30 the furst orthogonal pairs; 

d) idcntlQ^ing 
error between the current v 
a criteria; and 



>tle 



bas:d 



g to claim 37 further comprislr g: 
identification mechanism for locating i aimonics in the regions. 



medium having stored thereoij computer-executable 
speed of a motor comprising: 
correlation between a current 
set of weighted frequency pairs 



of a motor control signaj 1 
)airs in a set < 

frequency pairs; 
>f the frequency pahrs as the orthogonal pair subsequent to 



t le 



fi^uency that provide a red jction 
ave and the set of weighted ort{iogoaal 



orthogonal weight for 
based on the value of one 



frequency weight for a 
on die corresponding 



motor speed is 
of the motor 
lir of ttie ordiogonal 



wave sensed at the motor 
representing the current 



to a corresponding 
t of weighted orthof ;onal purs, the orAogonal 



in the mean squared 
pairs that satisfies 
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10 



15 



20 
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30 



e) comparing 
a motor speed hannonic 



desired frequencies from the iden 
mo4el to detennine an estimation c Tthe speed 



instructions for estimating a 



44. A computer readable medium having stored thereon 



motor speed comprising: 



determining a correlation between a current wave schsed a the motor and 

weighted iBrequency pairs repr jsenting the current wave; 

01 responding number of first 
0 nfaogonal pairs being 



frequency pairs from a set o 

fitting components o 'a motor control signal to a c* 
orthogonal pairs in a set of i weighted orthogonal pairs^ the 



oithogonai to the frequency fuuis; 

comparing a subharr ionic from the current wave 



» havii ig 



model to identify regions in which to locate a coirespondii^ ; 
subharmonic having a frequ mcy less than a motor control 
identifying a pair of ^uenctes in the regions 
I est harmonic of the motor 
the corresponding hamrionic; dkid 
f frequencies with the motor sp sed hannonic model to 



other no greater than a smal 
the frequencies in the pair h 
comparing the pair c 



determine an estimate for di s speed. 



i cotrel ition 



( fai 



45. A computer readabli ; 
instructions for estimating 2 
motor, the method comprisifig: 

determining a 
frequency pairs from a set 

fitting components 
orthogonal pairs in a set of Weighted 
onhogonal to the 

fitting each of the 
orthogonal pairs; 

detemnining a reducjtion 
error between the current 
a mean squared error betwe|en 



; frequency pairs: 



wifa 



a harmonics speed 
haxmoniC) tiie 
^ignal; 

a separation from each 
coni|x>l signal, wherein one of 



medium having stored thereoi 
speed of a motor using a cuneht 



I frequency pairs repi esenting 



between a cuirent wave 
cff weighted 

motor control signal to a 
orthogonal pairs, the 



fisquency pairs as the orthogona pair subsequent to the first 



pairs 



ion for each of the frequency 
: and the set of weighted ortbogonal 
the current wave and the frriit 



ified frequency pairs with 



computer-executable 



computer-executable 
wave sensed at the 



smsedj 



at the motor and 
the current wave; 
cobesponding number of first 
mfaogonal pairs being 



irs in a mean squared 

pairs according to 
onhogonal pairs; 
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detennining the tedw tions that satisfy a criteria and fae corresponding 
frequency pairs; 

removing unwanted 1 requencies fiom the deternune< corresponding frequency 
pairs; and 

5 comparing the remaii ling frequencies from the dcten nincd corresponding 

frequency pairs with a motoi speed haimonic model to detei mine an estimate for the 
speed. 



34 



